Introduction 39
Owing to its waste intensiveness and consumption of large resources, construction industry has 40 particularly remained a major target for environmental sustainability (Anderson et al, 2002) . 41
Evidence shows that the industry consumes up to 50% of mineral resources from nature (Anink 42 et al., 1996) and generates up to 35% of waste to landfill (Solís-Guzmán et al., 2009). It also 43 contributes over 33% of global CO2 (Baek et al., 2013) . In addition, waste reduction and 44 reduced resource excavation have significant economic benefits (Coventry and Guthrie, 1998) . 45 Evidence shows that reducing construction waste by 5% could save up to £130million in the 46 UK construction industry (BRE, 2003) . Although these clearly show that reducing waste 47 generated by construction activities tends to provide both economic and environmental 48 benefits, waste generated by Construction and demolition (C&D) activities remains alarming. 49
These concerns have influenced formulation of various strategic policies towards diverting 50 construction waste from landfill sites. 51 52 Several waste management techniques and strategies have been adopted over the years, with 53 ability to efficiently manage waste becoming criteria for measuring successful construction 54 operations. Governments across nations have formulated various strategies towards minimizing 55 waste to landfill, thus becoming a major driver of construction waste management in many 56 regions . For instance, in a bid to ensure that economic growth associated with 57 increasing construction activities does not result in increasing waste and environmental 58 pollution, waste management across the entire project lifecycle remains a top priority of the 59 European Union's Environment Action Plan (EU, 2010). These set of policies often become 60 reviewed over the years to express change in government approach towards tackling impending 61 environmental problems associated with waste generation. 
Sorting and Recycling

115
Waste recycling has been widely adopted in many industries, among which the construction 116 industry is not left out. This strategy has been recognised as the next line of action in a bid to 117 prevent waste landfilling, the oldest and most environmental harmful form of waste treatment 118 (Manfredi et al., 2009) . Recycling is one of the strategies adoptable after waste has occurred 119 and it involves sorting of the waste materials into "recyclable and non-recyclables" during the 120 construction activities or at the recycling site (Barros et al., 1998) . The option of site sorting 121 has been widely encouraged across the UK, as it eases recycling operations and ensures 122 accurate separation of inert and non-inert materials (Poon et al., 2001 ). The strategy is not 123 necessarily an approach for reducing waste in construction activities, but it proves valuable due 124 to its tendency to divert waste from landfill sites. In addition, recycling as a waste management 125 strategy ensures that waste materials are reprocessed to produce derivative materials, which 126 replace the need for the use of virgin materials for materials production. It therefore saves the 127 environment from pollution due to materials excavation, transportation and processing 128 
Materials Re-Use
145
Materials reuse is an essential approach to diverting waste from landfill sites. Unlike recycling, 146 materials reuse involves the use of the materials with little or no alteration to its physical state, 147 and without any change to its chemical constituents (Guthrie and Mallet, 1995) . In the 148
Construction industry, material re-use has been adopted as a means of diverting own waste as 149 well as domestic and other industrial waste from landfill. Construction demolition materials 150 have been widely reused for land reclamation, road surfacing, and as constituents of concrete 151 aggregates. Coal fly ash is also a valuable material, of industrial origin, being used to replace 152 percentages of cement in concrete mix and rendering materials (Halliday, 2008 practitioners, as it is believed to reduce productivity (Tam, 2008) . Waste Management Plan is 192 also an important requirement for planning approval of significant projects in Australia (Hardie 193 et al., 2007) . 194
195
A typical SWMP involves statement of pre-construction strategies previously taken to ensure 196 waste minimization as well as detail statement of proposed strategies for waste management 197 during and after construction activities. The SWMP is typically aimed to, set waste diversion 198 target, avoid flying tipping, ensure proper waste auditing and segregation, improve efficiency 199 and profitability, and to ensure that adequate measure is taken for waste reduction, reuse and 200 recycling. Usually prepared and managed by site waste managers, the plan proposes the 201 proportion of waste to be reused and recycled, onsite area for waste storage, methods for waste 202 sorting and reduction as well as the stakeholders that would be responsible for waste removal 203 from site (Tam, 2008; McGrath, 2001; Mcdonald and Smithers, 1998 
Design for Flexibility and Deconstruction
207
One of the proven approaches to C&D waste management is to design the building for 208 flexibility and deconstruction. A design is flexible if it is able to adapt to both external and 209 internal change. This occurs when a design is optimized to the industry's standard so that its 210 removed materials perfectly fit into another optimized project. During design, the elements of8 the building system are usually coordinated and standardised, preventing waste due to offcuts 212 which is one of the major causes of waste in projects (Formoso et al., 2002 to understand the efficacy of the existing waste management strategy from the practitioners 301 point of view, devoid of every presuppositions. This is deemed suitable, as the approach is 302 suitable in a situation where an important phenomenon has been poorly or wrongly 303 conceptualised (Jasper, 1994; Van Manen, 1990) . 304
305
From methodological point of view, the use of focus group discussion allows critical 306 examinations of intersubjective opinions among the participants, throughout the course of 307 encounter (Kvale, 1996) . The approach helps in gaining in-depth understanding of the 308 phenomenon (Wimpenny and Gass, 2000) by obtaining rich data from the different groups of 309 construction and waste management professionals. The study involved four focus group 310 discussions, carried out on different occasions with design and construction professionals 311 grouped into four key teams, which were sustainability team, construction lean practitioners, 312 designers/design managers and site waste managers. Sustainability team consists of 313 construction professionals whose job roles is to advice, guide and ensure overall sustainability 314 of build processes in their respective organisation. Lean practitioners are those seeking to 315 employ lean thinking in design and construction activities while site waste managers are those 316 professional whose consultancy service is to prepare and manage site waste management plans 317 for construction companies. 318 319 All participants are from various design and construction firms ranging from small and 320 medium to large organisation. All the participants are actively involved in project coordination 321 and management of design and/or construction processes. None of the participants has less 322 than seven years of experience in the industry, and their average years of experience is 12 323 years. Apart from two moderators for each of the focus group discussions, Table -I shows  324 number of participants in each of the discussions. 325 326 
328
The four key teams were selected based on critical sampling because they are all responsible 329 for day-to-day prevention and management of waste within the construction industry. This 330 sampling technique was used based on assertion of Creswell (1998) that it allows logical 331 generalisation of study and applicability of its findings to other cases (Creswell, 1998) . discussions were recorded, transcribed and read several times to identify core themes in the 345 different discussions, using thematic analysis (Morse, 1994) . In order to uncover complex 346 phenomenon and common themes that may be hidden in the large unstructured data, Atlas-ti 347 qualitative data analysis tool was used. 348 349 350
Analysis and Grouping
351
This section presents findings on how participants reflect on the existing waste management 352 strategies to identify their weaknesses as well as the strategies required for their improvement. 353
To enhance further grouping and discussion of the findings, a Delphi technique was used. The 354 technique is a widely used and accepted method of enquiry that is used to achieve convergence 355 of opinion from people within a domain of expertise (Hsu, 2007) . The benefits that accrue to a 356 study employing Delphi technique include controlled feedback to participants, opportunity for 357 reassessment of earlier judgement, anonymity of individual participants, and establishment of 358 group consensus (Dalkey and Helmer, 1963 
Impediments to Existing Waste Management Strategies
386
As presented in Table - causes, so that the industry practitioners would act towards minimizing the waste by using 437 alternative design, plan for waste reuse and recycling, among others. However, apart from 438 being that some of the tools in use only predict waste without information about their likely 439 causes and predictive measures, the tools work based on manual input of project information 440 (Jalali, 2007) . Its effectiveness therefore relies on the extent of accuracy of the input data. 441
Externality/Incompatibility of Waste Management Tools with Design Tools
Despite its perceived benefits as a means of predicting and preventing construction waste, it is 442 limited by externality and lack of compatibility with design tools and manual input of building 443 It was established by the focus group discussants that most of the existing waste management 473 strategies are not applicable on every types of projects, sites and materials. For instance, while 474 recycling as a strategy becomes irrelevant with certain types of materials, site based sorting of 475 waste is not feasible in the case of confined sites. Despite the perceived relevance of waste 476 prediction tools, the discussant argue that it offer little or no solution to waste reduction. Again, 477 waste management legislation, which is known to be driving waste reduction in industry 478 , also has limited provision for reducing waste through design (Osmani et al., 479 2008 ). All these suggest that most of the existing waste management strategies lack holistic 480 framework for effective diversion of waste from landfill. 2013). However, this study suggests that a major barrier to implementing waste management 497 strategies is due to its perceived cost and time impacts on project costs. Although, penalty is 498 being paid for waste landfilling, focus group discussants illuminates that they sometimes 499 compare cost impacts of waste landfilling to potential impacts of waste management on project 500 duration and cost. They suggest that while some increases design and construction cost as they 501 require extra man-hours, others interfere with site activities and could potentially result in 502 project delay, which in turns increases project cost (Enshassi et al., 2009 All these statements suggest a strong belief that waste management is more expensive 525 than waste landfilling. In line with the experts' opinion, previous studies also suggested 526 that some waste preventives measures tend to be more expensive. For instance, Dantata et 527 al. (2005) posit that deconstruction is about 17-25% more expensive than deconstruction. 528
Durmus and Gur (2011) also argue that while planning for deconstruction, which is waste 529 effective than demolition, careful planning and additional time would be spent by the 530 designers. Although waste minimization tendency of prefabrication and modular 531 construction could be up to 84.7% (Tam et al., 2007) , financial premium is expected to be 532 paid as it is more expensive than in-situ construction. 533 534 a major reason for waste intensiveness of the construction industry is that workers believe that 552 waste is inevitable, thereby giving less attention to its management. This means that without 553 legislation as a driver of waste management behaviour, culture of waste behaviour within the 554 industry means that construction industry is likely to remain waste intensive. 555 556
Waste Behavioural Culture within the ACE Industry
Requisites for Improving Waste Diversion Rate
557
Reducing waste in landfill sites remains a pressing challenge facing the construction industry. 558
Evidence shows that more than a third of waste in global landfill might be of construction 559 origin (Solís-Guzmán et al., 2009) . By devising appropriate requisites capable of improving 560 effectiveness of waste management strategies, it is certain that environmental problems 561 associated with increasing waste generation would be prevented. In addition, substantial 562 financial savings could be made from effective waste management. 563 564 By corroborating findings in Table -III implies that attempts to tackle waste at design stage would result in substantial reduction in 588 waste. UK government funded WRAP also claim that waste could be designed out in 589 construction projects using some set of tactics known as waste spectrums. These according to 590 WRAP involve design for reuse and recovery, design for offsite construction, design for 591 deconstruction and flexibility, design for materials optimisation, and waste efficient 592 procurement (WRAP, 2009). 593
594
To reduce waste intensiveness of the construction industry, the industry's experts strongly 595 believe that design stage is a decisive point. The discussants equally opined that: 596 The above assertions suggest that the industry practice is expected to shift from addressing 644 waste management from one aspect of project lifecycle. It means that there is need to adopt 645 measures capable of mitigating all waste causative factors at design, procurement and 646 construction stages. By so doing, it would mean that waste causative factors have been 647 prevented during preconstruction activities while framework for managing construction and 648 post construction waste is also set. As such future waste management solutions is not only 649 expected to consider all stages, its capability to predict, monitor and prevent waste is expected25 waste has occurred. This becomes needed, as the best strategy for waste management is to 652 prevent its occurrence (Faniran and Caban, 1998) . 653 654 655
Building Information Modelling Compliance
656
The adoption of BIM is becoming commonplace within the construction industry. This is not 657 only because of its collaborative facilities, but also because of the industry's shifts towards its 658 adoption, as influenced by governments' leads. BIM is a technologically enhanced approach 659 that enhances digital representation, storage, management and sharing of building information 660 in a way that allows access to the projects database throughout its lifecycle. The process 661 aspects of BIM gives it more popularity than its software technology (Eadie et al., 2013) , and 662 its ingenuity is based on its ability to generate adequately coordinated project information that 663 augments information management and collaboration (Race, 2012; Eastman et al., 2011) . 664
665
According to the focus group discussants, the main challenge of existing waste management 666 tools, such as NetWaste in the UK, is manual input of project geometry and lack of 667 compatibility with basic design tools. These results in extra efforts to predict and prevent 668 design related causes of waste. 669 
Economic Viability
687
A major driver for adopting waste management strategy is the economic cases it presents. Al-688
Hajj and Hamani (2011) and Oyedele et al. (2013) Apart from making waste management appealing by raising penalties for waste 705 landfilling, the above assertion advocates effective demonstration of economic benefits of 706 existing waste management strategies. It also reinforces the general belief that waste is 707 not being management due to its perceived high cost. As such, for any waste management 708 strategy to be adequately adopted and effectively used, such strategy would not only be 709 easily implementable, it must have cheaper cost of implementation, which presents more 710 financial gains than cost of waste disposal. 711 712
Legislative Drives
713
One of the major factors that shape the construction industry is the national and regional 714 legislation. As planning approval is required before any physical construction activities, it 715 means that the project has to fall within the framework provided by the legislation. In the UK 716 construction industry for example, compliance with the provision of Code for Sustainable 717
Homes has become a requirement for all residential building construction. This has continued 718 to drive sustainable building practices as the code becomes more stringent. Before the 719 compulsory SWMP was repealed (in December 2013), it has been the industry's standard to 27 relevant impacts of legislation in driving sustainable practices within the construction industry. group discussions, this study shows that the reason for ineffectiveness of the existing waste 775 management strategy is due to its treatment of waste after it has occurred rather than proffering 776 waste preventive solutions. In addition, existing waste preventive solutions put unpaid burdens 777 on design professionals, as the tools are external to design tools and require extra efforts, which 778 discourages their use. It is noted that apart from a culture of waste behaviour that is prevalent 779 within the construction industry, most of the existing waste management strategies are either 780 expensive or incapable of providing holistic solution to tackling C&D waste. All these point to 781 the reasons for ineffectiveness of existing waste management strategies and subsequent waste 782 intensiveness of the construction industry. The study has implications for practices for both construction professionals and policy makers. 793
At the industry level, waste preventive strategies are expected to be collaboratively adopted at 794 the preconstruction stage, especially as the design stage is very decisive in determining waste 795 effectiveness of a construction project. Rather than the prevailing practices that are 796 concentrated on construction stage, whole project lifecycle as well as buildings' end of life are 797 to be considered. Similarly, as the industry shifts towards full BIM adoption, waste 798 management solutions are expected to be BIM compliant in such a way that waste preventive 799 measures becomes integral part of project delivery process. To cap it all, improving waste 800 management skills and awareness of the design and construction professionals is indispensable 801 to achieving waste effective projects. At policymaking level, legislative approach to waste 802 management should not only consider construction stage, it is expected to set minimum waste 803 preventive standard for design. This is due to the strong emergence that legislation drivers and 804 economic viability of any strategy enhance its adoption in construction industry. As such, for 805 waste management strategy to be well adopted, it would either be legislation driven or more 806 financially viable than landfill tax and other associated cost of waste disposal. 
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